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Laboratories, Burlingame, CA) on ice for 20 min.
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In vitro infection of lymphocytes and monocytes. Cultures of lymphocytes and and monocytes were cultured under identical conditions. based on forward and side-scatter parameters of analysis. Cells were evaluated by a two- or monocytes infected with EAV, after subtraction of the non-specific staining of mock- collected at 0, 1, 6, 12, 18, 24, 36, 48, 60 and 72 hpi for one-step growth curve and quantitative EAV real-time TaqMan ® RT-PCR assays. For one-step growth curve analysis,
virus titers in tissue culture supernatants were determined according to the method of Reed and Muench (52), and expressed as 50% tissue culture infective dose (TCID 50 )/50 µl. To detect EAV nucleic acids, a one-tube real-time TaqMan ® RT-PCR assay was performed using 2 7 9
the TaqMan ® One-Step RT-PCR Master Mix (Applied Biosystems, Foster City, CA) in an
Applied Biosystems 7500 Fast Real-Time PCR System according to a previously published quantification with an IVT ORF7 RNA standard curve as described previously (3, 32).
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Statistical analysis. The student's t-test was used to establish significant difference among 2 8 4
infected lymphocyte subpopulations and monocytes between group A and B horses.
8 5
Statistical analysis was performed using Sigma Plot 11 (Systat Inc., Richmond, CA).
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Nucleotide sequence accession numbers. The nucleotide sequences of the rVBS/HK116 S,
rVBS/MLV S, rMLV/VBS S, rMLV/VBS 56 and rMLV/VBS 234 were deposited in
GenBank under the accession numbers GU732202, GU732201, GU732200, GU732199 and 2 8 9 GU732198, respectively. To investigate the susceptibility of equine PBMCs to virulent and attenuated strains hpi. Interestingly, none of the CD3 + T lymphocytes from the remaining four horses were 3 0 8
infected with the VB strain of EAV (Fig. 1B) . Based on the phenotype of CD3 + T 3 0 9 lymphocyte subpopulations to in vitro infection with VB strain of EAV, the ten horses could
be divided into susceptible (Group A; 6/10) and resistant (Group B; 4/10) groups. Contrary
to infection with the VB strain, T lymphocytes from none of the 10 donor horses were 3 1 2 susceptible to infection with the MLV vaccine strain of EAV ( Fig. 1A and B). In an attempt to define the T lymphocyte subpopulation susceptible to VB infection,
lymphocytes from Group A horses were infected with the VB strain and were stained with lymphocytes, the mean percentage of double-labeled CD4 + T cells increased to 4.4% (± 0.8)
by 24 hpi. The EAV nsp1 antigen expression peaked at 36 h after inoculation with a mean 2.8% (± 0.3) at 48 hpi ( Fig. 2A) VB strain of EAV. These data showed that only CD4 + T lymphocytes from some horses are MLV strain indicating that attenuation of the VB strain has altered its cellular tropism. To investigate whether monocytes are equally susceptible to infection with VB and MLV strains of EAV, dual immunofluorescence staining was performed using MAbs specific for CD14 + monocytes and MAb specific for the EAV nsp1. Using the adherent cells monocytes ranged from 60 to 75% depending on the preparation. Double-labeled flow
cytometric analysis showed that monocytes from all of the tested horses could be infected infected cells was significantly lower and remained near the lower limit of detection which it had declined sharply by (1.8 ± 0.2%) 48 hpi ( Figure 3A ; Group A). Similar patterns were noted for monocytes purified from the Group B horses (n=2; Figure 3B ; Group hpi ( Fig. 3A and B) . The mean percentage of infected monocytes in MLV inoculated
cultures was minimal at 12 hpi after which it gradually increased. Although similar patterns percentage of infected cells in the case of the former was significantly higher than in the case
of the latter ( Fig. 3A and B). Furthermore, these findings confirm that not only T One of the key findings of this study is the susceptibility of CD3 + T (predominantly lymphocytes isolated from horses in Group A were infected with the VB strain, both nsp1 and lymphocytes were completely refractory to infection with the MLV strain since neither nsp1
nor N protein expression could be observed in inoculated cultures (Fig. 4 , panels g through i 3 6 8
[nsp1] and panels j through l [N]). The data indicated that a virus replication cycle, at least
up to expression of structural proteins, occurred in VB infected T lymphocytes but not in lymphocytes from any of tested horses based on virus one step growth curve and quantitative
real-time RT-PCR (qrRT-PCR) results (data not shown).
Furthermore, we also investigated the expression of N protein in monocytes infected
with the VB and MLV strains of EAV (Fig. 5A ). In contrast to T lymphocytes, expression of both nsp1 and N protein were detected in monocytes infected with VB and MLV strains. Not surprisingly, the percentage of monocytes expressing nsp1 and N proteins was
significantly greater in VB infected cultures (24.8% ± 4.4 and 18.3% ± 1.8, respectively productive viral replication also occurred in MLV inoculated monocytes, viral titers were
lower than those detected in VB inoculated cells (Fig. 5B) . Interestingly, while MLV titers
remained low until 48 hpi, they showed a significant increase by 72 hpi. The trends in the 3 9 0 viral growth curves were similar to those observed in nucleic acid copy numbers quantified
by qrRT-PCR (Fig. 5C ). Monocytes infected with the VB strain had increased viral nucleic 3 9 2 acid copy numbers from 18 hpi reaching a maximum after 48 hpi in both groups of horses. In contrast to VB infected monocytes, viral nucleic acid copy numbers in monocytes infected
with the MLV strain remained low throughout the time course of the experiment, though they 5C). These data confirmed that the MLV strain replicates slower and to lower titers in 3 9 7 monocytes compared to the VB strain of EAV in Group A horses. HK116 strain, which is fully attenuated for horses as compared to the VB strain. Therefore, significantly compared to rVBS (2.3% to 0.2%; Fig. 6 ; panels e through g). In contrast, the
percentage of infected monocytes was comparable to that using the rVBS virus indicating
that the tropism of the HK116 strain had changed for lymphocytes but not for monocytes
following 116 passages in primary horse kidney cells ( Fig. 6 ; panel h). In summary, these In an attempt to further identify the specific viral proteins responsible for the 4 2 2 differential tropism among VB, HK116 and MLV strains in equine PBMCs, we generated a and MLV strains (Fig. 6) to that observed in rMLV infection ( Fig. 6 ; panels m through p). In contrast, the rMLV/VBS corresponding genes of rVBS in the rMLV backbone (Fig. 6) . In contrast to expectations, for rMLV/VBS 234 virus were significantly lower ( Fig. 6 ; panels z'' and x, respectively). GP5 and M amino acid sequences may play a more critical role than those of E, GP2, GP3 The reverse genetic studies using recombinant chimeric viruses clearly indicated that interactions were disabled or altered by the amino acid changes which had occurred during certainly not responsible for the differences in tropism among the three EAV strains (Table 1 ).
7 3
When compared to the VB strain, the GP2, GP4, GP5 and M envelope proteins of HK116 4 7 4 strain had several amino acid substitutions (2, 1, 3 and 3 substitutions respectively; Table 1 ).
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With the exception of amino acid substitutions in the M protein and one amino acid located in the ectodomain of these proteins (Table 1 and Fig. 7 ). Interestingly, in contrast to
GP2, GP4, GP5 and M envelope proteins, the amino acids of the GP3 protein of HK116 tyrosine at position 160 appear to be non-conservative (Table 1 , Fig. 7 ). In common with ORF3, all four non-synonymous nucleotide substitutions in ORF4 are predicted to occur in 4 9 3 the ectodomain of GP4, a trend also observed in ORF5 where six of the eight non-
synonymous substitutions occur within the same predicted domain for GP5 (Table 1 , Fig. 7 ).
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Therefore, it appears as if most of the variation in amino acid content between the structural 4 9 6
proteins of rVBS and rMLV occurs in those regions that could interact directly with host-cell tropism of the MLV strain appears to be due to the amino acid changes in the GP3 protein.
0 6
However, additional amino acid substitutions in GP2, GP4, GP5 and M protein may also have ORF7 is not exposed on the virus surface, it is unlikely that this protein has contributed to the 5 0 9
change in cellular tropism of EAV. Therefore, it is more likely that tropism of CD3 + T 5 1 0 lymphocytes and CD14 + monocytes was altered due to the changes in major and minor
envelope proteins of EAV. In contrast to attenuated strains of EAV, highly pathogenic strains are highly cell- interaction between EAV and PBMCs has not been fully characterized and the specific cell types infected with EAV were not identified. Therefore, the primary objective of this study
was to unequivocally establish which components of the PBMC population were susceptible 5 1 9
to EAV infection and then identify the viral proteins responsible for infection of these cells. were permissive for complete productive replication of the VB strain. Although this is an found in alveolar macrophages in infected horses (4, 48) and that all other members of the
Arteriviridae family are monocyte/macrophage tropic (50). However, the finding that the
VB strain can infect CD3 + T lymphocytes (predominantly CD4 + T cells) of some but not all
horses is the first report of a member of this virus family being associated with T susceptibility of their CD3 + T lymphocytes and CD14 + monocytes with in vitro VB infection.
As a result, horses were categorized as Group A in which almost one third of monocytes infection with EAV as reported in other species (8, 9). Efforts are underway in our laboratory
to investigate if there is a genetic basis for the differences between horses in the susceptibility of PBMCs susceptibility and the severity of clinical illness or EVA, respectively. significantly less than observed with VB virus.
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Data derived from this study suggested that the amino acid substitutions in major and were replaced with corresponding genes of the rMLV strain. In vitro evaluation of viruses in which sequences encoding the minor envelope glycoproteins (GP2, GP3 and GP4) suggesting that infection of T lymphocytes along with the ability to infect relatively large
numbers of monocytes is dependent on cooperative interactions between five out of the six
envelope proteins of EAV (GP2, GP3, GP4, GP5 and M). This, in turn, suggests that the
infection process of these cell types is complex, possibly involving multiple receptor and/or permissiveness for CD3 + T lymphocytes but its ability to infect CD14 + monocytes remained cell lines (HK15, RK111 and ED24) to obtain the MLV strain, resulted in significant 5 9 2 reduction in its ability to infect macrophages (27% to 5%; Fig. 6 ; panels h and l, respectively).
However, it is important to note that the attenuated phenotype of EAV HK116 for horses
correlates with the loss of permissiveness for T lymphocytes while the ability to infect directly or indirectly tropism for T lymphocytes has a significant role in the pathogenesis of
VB infections in vivo. Therefore, the susceptibility of CD3 + T lymphocytes to virulent and and cytoplasmic domains (Fig. 7) . It is known that GP5 and M exist in the virion as a 6 0 5
heterodimer while the minor envelope proteins (GP2, GP3 and GP4) occur in particles as
heterotrimeric complexes constituting a virion-exposed structure that is predicted to mediate fact that most of the amino acid substitutions appear to be non-conservative, suggest that the 6 1 1 cell tropism of MLV and VB strains is determined by conformational differences in structural 6 1 2 envelope proteins that are manifested at the tertiary and quaternary levels. Therefore, the proteins. Consistent with our findings, a recent published study on porcine reproductive and
respiratory syndrome virus has shown that inter-glycoprotein interactions are critical for 6 1 7
mediating interactions with the receptor responsible for virus entry into host cells (14).
Specifically, it has been demonstrated strong interaction between GP4 and GP5, as well as
weak interactions among other minor envelope proteins resulting in the formation of congenitally acquired infection with equine arteritis virus in a neonatal thoroughbred. Equine Vet J 24:155-8. Proteolytic maturation of replicase polyprotein pp1a by the nsp4 main proteinase is Gen Virol 87:3473-82. color immunofluorescence flow cytometric analysis was performed at various time p.i. 
